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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vapor phase epitaxial 
growth method for lll-V compound semiconductor with which the 
concentrations of impurities in an AIGaAs layer can be lowered, 
without increasing V/lll ratio (i.e., increasing the supplying 
quantity of AsH3). 

SOLUTION: Supplying paths 8 and 9, through which group III 
and V gaseous starting materials are separately introduced to a 
reaction chamber 1 are provided and, at the same time, a heater 
10 which accelerates the decomposition of a group V gaseous 
starting material in a growing region is provided to the 
intermediate section of the path 8, so as to generate an 
abundant group V radical in the growing area by supplying the 
preheated group V gaseous starting material separately from 
the group III gaseous starting material and accelerating the 
decomposition of the group V gaseous starting material in the 
growing region. The group V radical is made to work for cutting 
the linkage between the metal of an organometallic compound 

arriving at a GaAs substrate 5 and carbon or oxygen. Therefore, the concentrations of impurities taken in a 
grown AIGaAs layer can be lowered without increasing the V/lll ratio, when the layer is grown. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 ***♦ s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate for crystal growth installed in the reaction container is heated, the inside of a reaction container - 

- Ill In the III-V group compound semiconductor vapor-phase-epitaxial-growth approach using law MOVPE which 
group material gas and V group material gas are supplied [ MOVPE ], and carries out vapor phase epitaxial growth of the 
compound semiconductor crystal on the substrate for crystal growth — It is HI about V group material gas which added 
the energy by heat or the plasma beforehand in said reaction container. The III-V group compound semiconductor vapor- 
phase-epitaxial-growth approach characterized by supplying apart from group material gas and promoting disassembly of 
V group raw material in a growth field. 

[Claim 2] The III-V group compound semiconductor vapor-phase-epitaxial-growth approach according to claim 1 
characterized by controlling the high impurity concentration in an epitaxial layer by adjusting the energy added to said V 
group material gas. 

[Claim 3] The compound semiconductor crystal grown up on said substrate for crystal growth is the m-V group 
compound semiconductor vapor-phase-epitaxial-growth approach according to claim 1 or 2 characterized by being 
AlGaAs. 

[Claim 4] Said III It is the III-V group compound semiconductor vapor-phase-epitaxial-growth approach according to 
claim 3 which uses a group raw material as the organometallic compound to which the methyl group was attached, and is 
characterized by making said V group raw material into hydrides, such as an arsine. 

[Claim 5] The III-V group compound semiconductor vapor-phase-epitaxial-growth approach according to claim 2, 3, or 
4 characterized by controlling the energy added to said V group material gas so that the amount of V group radicals in a 
growth field becomes max. 

[Claim 6] The III-V group compound semiconductor vapor-phase-epitaxial-growth approach according to claim 1 
characterized by controlling the decomposition effectiveness of V group raw material by changing the growth field 
residence time of a raw material. 

[Claim 7] The substrate for crystal growth installed in the reaction container is heated, the inside of a reaction container - 

- Ill In the III-V group compound semiconductor vapor phase epitaxial growth system using law MOVPE which group 
material gas and V group material gas are supplied [ MOVPE ], and carries out vapor phase epitaxial growth of the 
compound semiconductor crystal on the substrate for crystal growth — It is III in a reaction container. III-V group 
compound semiconductor vapor phase epitaxial growth system characterized by forming the heater which promotes 
decomposition of V group material gas in a growth field in the middle of the supply way of the V group material gas 
while preparing the supply way which introduces group material gas and V group material gas according to an 
individual. 

[Claim 8] The III-V group compound semiconductor vapor phase epitaxial growth system according to claim 7 
characterized by forming the plasma equipment which promotes decomposition of V group material gas in a growth field 
instead of forming said heater in the middle of the supply way of said V group material gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vapor-phase-epitaxial-growth approach of the DI-V group 
compound semiconductor applied to manufacture of semiconductor laser, a light ernitting diode, a field effect transistor, 
etc. 
[0002] 

[Description of the Prior Art] the double hetero structure which is the core of semiconductor laser ~ the current Lord — 
MOVPE (organic metal vapor growth) — it is produced by law. It is said to be required to produce good semiconductor 
laser to make p mold cladding layer, n mold cladding layer, and the barrier layer which constitute this double hetero 
structure a very high grade crystal (for there to be few impurities). 

[0003] For example, in AlGaAs system semiconductor laser, it is important to decrease the high impurity concentration 
of the oxygen in an AlGaAs layer, carbon, etc. 

[0004] Moreover, in ultrahigh frequency devices, such as HEMT and MESFET, 1014cm - three sets (epitaxial layer) of 
high grade buffer layers are demanded for carrier concentration. 

[0005] For growth of the AlGaAs layer by the MOVPE method, conventionally general - as V group raw material - an 
arsine (it is called the following AsH3) - moreover, III Although trimethylgallium (it is called Ga (CH3)3 and Following 
TMG) and trimemylaluminum (it goes aluminum (CH3)3 and Following TMA) are used as a group raw material It is 
known that the carbon and oxygen which are contained in TMA of this raw material will mix into the AlGaAs layer 
which carried out vapor phase epitaxial growth. This oxygen and carbon are one of the causes of property aggravation in 
semiconductor laser as stated above. 

[0006] The mechanism by which the carbon and oxygen which are contained in the above-mentioned raw material itself 
will be incorporated in a vapor-phase-epitaxial-growth layer has been considered as follows. That is, it is AsH3 
considering TMG and TMA as material gas of As as material gas of Ga and aluminum. When it uses, TMG and TMA 
separate into a substrate, and it is Ga-CH3. Or alurninum-CH3 It adheres in a form. This methyl group (-CH3) is AsH3. 
When it collides with the AsH radical generated like a decomposition fault, it is methane CH4. It becomes, and although 
stabilized, if it does not collide, it is incorporated as carbon in AlGaAs. Therefore, in order to form a very high grade 
AlGaAs (there are few impurities) layer, it is required to make it grow up on the conditions which make [ many ] the 
collision of a methyl group and an AsH radical, as this condition - (1) AsH3 (2) AsH3 which raises the pressure in a 
fission reactor in order to promote decomposition the material gas amount of supply of (3) V group who raises growth 
temperature in order to promote decomposition - III (4) AsH3 relatively enlarged to a group's material gas amount of 
supply a hydrogen radical is replaced with what is generated — ** can be considered. 

[0007] Conventionally, the AlGaAs layer of a high grade was grown up mainly in consideration of the 3rd condition. 
That is, generally it is V/III at the time of growth. It is known for making high a ratio (the amount (mol) of V group 
feeding, and III ratio of the amount (mol) of group feeding) that the oxygen and carbon concentration in this AlGaAs 
layer can be decreased, and the present condition has realized high grade-ization of an AlGaAs layer by this approach. 
[0008] 7 FF 

[Problem(s) to be Solved by the Invention] However, V/III at the time of growth It is V/m because of implementation of 
high-grade-izing of an AlGaAs layer by the conventional approach of making a ratio high. A ratio must be made very 
high. AsH3 which is V group raw material in the present condition By using it in large quantities, it is V/III. The ratio is 
made high. For this reason, the badness of the use effectiveness of a raw material and AsH3 In the burden to a damage 
elimination facility etc., it has been a problem very much in cost. 

[0009] Then, the purpose of this invention solves the above-mentioned technical problem, and is V/III. There is nothing 
for which a ratio is made high (AsH3 the amount of supply is made [ many ]), and it is in offering the vapor-phase- 
epitaxial-growth approach of an III-V group compound semiconductor and growth equipment which can decrease in 
number the high impurity concentration in an AlGaAs layer. 
[0010] 

[Means for Solving the Problem] This invention sets a foundation in the following this invention persons' idea about the 
impurity carbon to the inside of the AlGaAs layer produced by the MOVPE method, and the mechanism of oxygen 
mixing. 

[001 1] Namely, (i) It is III as shown in drawing 2 . It is AsH3 considering TMG and TMA as a V group raw material as a 
group raw material. When it uses, the reason which impurity carbon mixes is for mixing into the film, without aluminum- 
C in TMA and aluminum-O association going out. Moreover, (ii) V/III When a ratio (III [ Amount of supply ] AsH3 to a 
group raw material comparatively) is made high, it is AsH3 that impurity charcoal table concentration and oxygen 
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decrease. It is to decompose and for the made AsH radical (thing of a chemical very activity condition) to act on cutting 
this aluminum-C association and aluminum-O association greatly ( drawing 2 ). 

[0012] as a result of repeat research under this idea, as a means to which the amount of the AsH radical which act on cut 
aluminum-C association and aluminum-O association greatly be make to increase, it be AsH3 which be V group raw 
material, the conclusion that be the upstream of that flow and it be very effective give energy by approaches, such as 
heating or plasma excitation, be obtained. The AsH radical from the V group raw material itself is made to increase, and 
this is AsH3 like before because of impurity carbon and oxygen density reduction. It is the semantics of not making the 
amount of supply increase, and the new approach to which an AsH radical is made to increase is given. 
[0013] (1) The III-V group compound semiconductor vapor-phase-epitaxial-growth approach of this invention The 
substrate for crystal growth installed in the reaction container is heated, and it is m in a reaction container. Group 
material gas and V group material gas are supplied. In the III-V group compound semiconductor vapor-phase-epitaxial- 
growth approach using law MOVPE which carries out vapor phase epitaxial growth of the compound semiconductor 
crystal on the substrate for crystal growth - It is HI about V group material gas which added the energy by heat or the 
plasma beforehand in said reaction container. Group material gas is supplied independently and disassembly of V group 
raw material in a growth field is promoted. 

[0014] That is, it is III in a reaction container. While introducing group material gas and V group material gas according 
to an individual, it is the growth approach of being the upstream, adding the energy by heat or the plasma, and making by 
this V group material gas introduced into the reaction container promoting disassembly of V group raw material in a 
growth field from a growth field. 

[0015] According to this growth approach, V group material gas can give the energy by heat or the plasma beforehand, 
and that decomposition is promoted. That is, activated V group radical made when V group raw material is disassembled, 
after made activated V group radical is introduced in a reaction container or being introduced in a reaction container, 
when decomposed is produced, and it comes to exist in a growth field at abundance. This activated V group radical 3, for 
example, AsH, The AsH radical made when decomposed is attacked to association with aluminum of TMA, carbon, or 
oxygen which is an organometallic compound, and has the work which cuts that association. Therefore, without those 
AsH radicals running short, when the amount of the activated AsH radical which exists all over a growth furnace 
becomes abundance, association with the metal of an organometallic compound, carbon, or oxygen which reaches a 
substrate is cut, and the carbon and oxygen which are incorporated by the epitaxial layer are inhibited effectively. 
Therefore, the AsH radical which the complement activated can be obtained to the growth field in a reaction container, 
without enlarging the mole ratio of V group hydride. For this reason, the raw material effectiveness of V group raw 
material becomes good. 

[0016] (2) Moreover, the high impurity concentration in an epitaxial layer (carbon, oxygen, silicon, etc.) is controllable 
by adjusting the energy added to V group material gas (claim 2). That is, on the occasion of the vapor phase epitaxial 
growth of the III-V group compound semiconductor by the MOVPE method, the abundance in the growth field of V 
group radical which contributes to growth can be controlled by changing the decomposition effectiveness of V group raw 
material intentionally, and the high impurity concentration in an epitaxial layer can be controlled by it. This is aluminum- 
CH3 which reaches a substrate by attacking to V group radical at association with aluminum of TMA, carbon, or oxygen 
which is an organometallic compound, and controlling the abundance in the growth field of V group radical, since there 
is work which cuts the association. Or it is because the amount of aluminum-O can be controlled and the amount of the 
carbon finally incorporated in an epitaxial layer and oxygen can be controlled. When following, for example, growing up 
a multilayer epitaxial layer, the high impurity concentration in an epitaxial layer (carbon, oxygen, silicon, etc.) can be 
controlled by changing the energy given to V group material gas by the upstream for each class. 
[0017] (3) Here, there is AlGaAs as a compound semiconductor crystal grown up on said substrate for crystal growth 
(claim 3). 

[0018] (4) Moreover, it is said III when growing AlGaAs epitaxially. A group raw material is used as the organometallic 
compound to which methyl groups, such as trimethylgallium (TMG) and trimethylaluminum (TMA), were attached, and, 
as for said V group raw material, considering as hydrides, such as an arsine (AsH3), is desirable. 
[0019] For example, said III They are TMG and TMA to said V group raw material in a group raw material AsH3 It is 
AsH3 when using. Heat or the energy by the plasma can be given and it is decomposed, and the activated AsH radical 
made by this is introduced in a reaction container, and comes to exist in a growth field at abundance. This activated AsH 
radical cuts association with the metal of an organometallic compound, carbon, or oxygen which reaches a substrate, and 
inhibits effectively the carbon and oxygen which are incorporated by the epitaxial layer. 

[0020] (5) In claims 2 and 3 or 4, the energy added to said V group material gas is controllable so that the amount of V 
group radicals in a growth field becomes max (claim 5). If it is made to satisfy this condition, the impurity carbon and the 
oxygen density which are incorporated by the epitaxial growth phase can be made into min. When this is adding energy 
to V group material gas with the heat of for example, the heater for decomposition promotion, an optimum value exists in 
the temperature of the heater, and a basis is set in the phenomenon which this invention person that the amount of V 
group radicals in a growth field (the amount of AsH radicals) became max at a certain temperature found out (refer to 
drawing 5 ). AsH3 which is V group raw material in finding out the optimum value of the temperature of this heater for 
decomposition promotion at the time of each epitaxial layer growth, setting it as that decomposition promotion 
temperature, and growing epitaxially The amount used can be reduced sharply. 

[0021] (6) Moreover, apart from the above, it is changing the growth field residence time of a raw material, and the 
decomposition effectiveness of V raw material can also be controlled (claim 6). 

[0022] (7) Next, the III-V group compound semiconductor vapor phase epitaxial growth system of this invention The 
substrate for crystal growth installed in the reaction container is heated, and it is III in a reaction container. Group 
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material gas and V group material gas are supplied. In the III-V group compound semiconductor vapor phase epitaxial 
growth system using law MOVPE which carries out vapor phase epitaxial growth of the compound semiconductor 
crystal on the substrate for crystal growth — It is EQ in a reaction container. While preparing the supply way which 
introduces group material gas and V group material gas according to an individual, the heater which promotes 
decomposition of V group material gas in a growth field is formed in the middle of the supply way of the V group 
material gas (claim 7). 

[0023] According to this growth equipment, V group radical comes to exist in a growth field at abundance by introducing 
activated V group radical made when V group material gas can give the energy by heat beforehand and is decomposed 
and decomposed in a reaction container. This activated V group radical, for example, an AsH radical, cuts association 
with the metal of an organometallic compound, carbon, or oxygen which reaches a substrate, and it inhibits effectively 
the carbon and oxygen which are incorporated by the epitaxial layer. 

[0024] (8) Instead of forming said heater in the middle of the supply way of said V group material gas, the plasma 
equipment which promotes decomposition of V group material gas in a growth field can also be formed (claim 8). 
[0025] According to this growth equipment, the energy according [ V group material gas ] to plasma equipment 
beforehand can be given, and it is plasma-ized, and activated V group radical made at this time comes to be introduced in 
a reaction container, and V group radical comes to exist in a growth field at abundance. This activated V group radical, 
for example, an AsH radical, cuts association with the metal of an organometallic compound, carbon, or oxygen which 
reaches a substrate, and it inhibits effectively the carbon and oxygen which are incorporated by the epitaxial layer. 
[0026] 

[Embodiment of the Invention] Hereafter, this invention is explained based on the operation gestalt of illustration. 
[0027] Drawing 1 is the MOVPE equipment for enforcing the vapor-phase-epitaxial-growth approach of this invention, 
and the cross-sectional view in which, and having shown it correctly. [ the horizontal-type MOVPE furnace ] [ **] 
[type] 

[0028] It sets to this drawing and is [ the inlet 2 of V group material gas, and ] III in one flank of the reaction container 1 
made from a quartz. The inlet 3 of group material gas is formed separately, and one exhaust port 4 is established in the 
flank of another side of the reaction container 1, respectively. 

[0029] In the reaction container 1, the GaAs substrate 5 as a substrate for crystal growth which carries out epitaxial 
growth is laid on the susceptor 6 made from the carbon covered with SiC. Although this example has shown the 
susceptor 6 and the GaAs substrate 5 as a quiescent state, it is desirable to support by the bearing bar and to rotate by the 
motor. The GaAs substrate 5 is heated at the heater 7 formed in the lower part of a susceptor 6 as a heating means. 
However, as a heating means of the GaAs substrate 5, you may heat with RF (RF) coil wound around the periphery of 
the reaction container 1 . In addition, the reaction container 1 has the cooling jacket which is not illustrated. 
[0030] The inlet 2 and III of V group material gas In the inlet 3 of group material gas, it is the supply way 8 and III of V 
group material gas, respectively. The supply way 9 of group material gas is connected. Among these, in the middle of the 
supply way 8 of V group material gas, the heater (decomposition promotion heater) 10 for promoting decomposition of 
V group material gas in a growth field is formed. Although this decomposition promotion heater 10 functions on V group 
material gas as a means to add the energy for promotion of decomposition and exotherm is used for the heater here, the 
high-rrequency-heating equipment which carries out high-frequency heating with an RF coil can also be used. Moreover, 
as a means to add the energy for promotion of decomposition to V group material gas, the plasma equipment which gives 
energy by plasma-ization besides such a heater can also be used. 

[0031] With the growth equipment of the horizontal-type MOVPE furnace shown in drawing 1 , an AlGaAs compound 
semiconductor thin film is grown up on the GaAs substrate 5 by leveling mostly the substrate 5 for growth which 
consists of GaAs, carrying it on a susceptor 6, passing the carrier gas which mixed the raw material from the longitudinal 
direction of the reaction container 1, building a gas stream almost parallel to this substrate side on a substrate side, and 
heating the GaAs substrate 5 at a heater 7. 

[0032] In the reaction container 1, it is III in that case. While the carrier gas (H2) which mixed the group raw material is 
supplied, it is AsH3 of V group raw material. Mixed carrier gas (H2) is supplied through the decomposition promotion 
heater 10. Namely, AsH3 of V group raw material If it attaches, it will be heated at the decomposition promotion heater 
10, and the gas by which decomposition was promoted moderately will be supplied, therefore the AsH radical made by 
decomposition within the AsH radical introduced from the outside and the reaction container 1 will exist in abundance in 
the reaction container 1 . This AsH radical is III in order to cut compulsorily association of association between 
association between the metal of the organometallic compound which arrives at the front face of the GaAs substrate 5, 
and an organic radical and the metal of an organometallic compound and carbon, or oxygen, for example, aluminum-C, 
and aluminum-O. Also in the combination of the organometallic compound of a group and V group, the carbon and 
oxygen which are incorporated in an epitaxial layer can be inhibited sharply, and growth of a high grade epitaxial layer is 
attained. 

[0033] Therefore, in growth of epitaxial wafers for devices, such as HEMT and MESFET, the buffer layer of a required 
high grade can be grown up now with sufficient economical efficiency. 

[0034] In addition, the flow 1 1 of V group material gas formed in the reaction container 1 as an arrow head shows to 
drawing 1 and m The flow 12 of group material gas is classified until just before the GaAs substrate 5 with the reaction 
container 1 with the separator 13 formed so that it might exist in the upstream of the flow in the reaction container 1. 
This is V group material gas and III which are introduced in the reaction container 1 . By classifying even about five 
GaAs substrate and holding group material gas, it is for appointing the location which performs the operation which the 
above-mentioned AsH radical attacks to association with aluminum of TMA, carbon, or oxygen, and cuts the association 
on the growth field slack GaAs substrate 5. 
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[0035] The example which carried out crystal growth of the aluminum0.45GaAs cladding layer of semiconductor laser 
by the MOVPE method is explained. 

[0036] Usually, the aluminum0.45GaAs layer is used for the cladding layer of semiconductor laser. In growth of the 
AlGaAs layer by the MOVPE method, the impurity carbon and the oxygen density in the film increase, so that aluminum 
presentation becomes high, and it is Win like the above-mentioned cladding layer because of reduction of impurity 
carbon and oxygen in the case of the alurninum0.45GaAs layer growth with high aluminum presentation. It is necessary 
to make a ratio quite high. 

[0037] The above-mentioned horizontal-type MOVPE furnace is used for drawing 3 , and the V/III ratio dependency of 
the impurity charcoal table concentration in the undoping aluminum0.45GaAs layer which grew at 700 growth 
temperature (substrate temperature), and an oxygen density is shown, impurity carbon and an oxygen density — 
secondary ion mass spectroscopy (SIMS analysis) — it measures by law. 

[0038] It is known that the carbon and oxygen of a cladding layer of semiconductor laser will have a bad influence on the 
property (especially a threshold current, an output) of laser. In order to obtain quality semiconductor laser, it is said that 
it is required to make the carbon and the oxygen density of a cladding layer into 5xl016cm-3 and 3 or less [ 7x1016cm - 
], respectively. Therefore, V/III at the graph shown in drawing 3 to the time of cladding layer (aluminum0.45GaAs layer) 
growth The ratio needed to be made or more into 100. 

[0039] Then, as described above in this invention, it is AsH3 to the growth field upstream of MOVPE equipment. The 
decomposition promotion heater 10 for decomposing moderately is formed. 

[0040] V/m of the impurity carbon concentration in the undoping aluminum0.45GaAs layer which made the 
decomposition promotion heater 10 800 degrees, and grew up to be drawing 4 at 700 growth temperature (substrate 
temperature), and an oxygen density A ratio dependency is shown. An oxygen density when carbon concentration when 
an oxygen density when a turns OFF the decomposition promotion heater 10, and b turn OFF the decomposition 
promotion heater 10, and c turn ON the decomposition promotion heater 10, and d show the carbon concentration when 
turning ON the decomposition promotion heater 10. 

[0041] V/in with the same direction at the time of operating a decomposition promotion heater from the result shown in 
the graph of this drawing 4 compared with the case (curves a and b) where he has no actuation of a decomposition 
promotion heater (heater OFF) (curves c and d) (heater ON) It turns out that the impurity carbon and the oxygen density 
in a ratio are decreasing. V/III for making impurity carbon and an oxygen density into 5x101 6cm-3 and 3 or less 
[ 7x1 016cm - ] in the curves c and d which made the decomposition promotion heater turn on, respectively It is 60, it 
compares with the case (curves a and b) of the decomposition promotion heater OFF, and a ratio is AsH3. The amount 
used can be decreasing no less than 40%. 

[0042] moreover, the graph of drawing 4 - MOVPE - on the occasion of the vapor phase epitaxial growth of the III-V 
group compound semiconductor by law by adding energy (heat, plasma, etc.) by the upstream from the growth field of 
the flow of V group raw material It is shown that the abundance in the growth field of V group radical which contributes 
to growth can be controlled by changing intentionally the decomposition effectiveness of V group raw materials (an 
arsine, phosphine, etc.), and the high impurity concentration in an epitaxial layer etc. can be controlled by it. 
[0043] Next, 700 growth temperature (substrate temperature) and V/III The decomposition promotion heater temperature 
dependency of the impurity carbon concentration in the undoping aluminum0.45GaAs layer which grew epitaxially by 
the ratio 60, and an oxygen density was investigated. This result is shown in drawing 5 . The axis of abscissa of drawing 
5 is the temperature (degree C) of the decomposition promotion heater 10, and an axis of ordinate is the impurity carbon 
concentration and the impurity oxygen density (cm-3) in this undoping aluminum0.45GaAs layer. A drawing middle 
point line is a curve of impurity carbon concentration, and a continuous line is a curve of an impurity oxygen density. 
Both curves have turned on the curve of a convex down, and the lowest point of the trough the both curve is produced at 
the same temperature (about 1000 degrees). 

[0044] The curve of this drawing 5 shows that there is an optimum value of decomposition promotion heater temperature 
which makes impurity carbon and an oxygen density min, i.e., the lowest point of a curved trough, (about 1000 degrees 
in this case). In the optimum value of the temperature of this decomposition promotion heater 10, i.e., the lowest point of 
a curved trough, it is thought that the amount of AsH radicals in a growth field is max. This is AsH3, although high 
impurity concentration is increasing when the temperature of the decomposition promotion heater 10 separates from this 
optimum value and turns into temperature below an optimum value. Lack of decomposition is the cause and it thinks 
because the amounts of AsH radicals in a growth field are insufficient. Moreover, this is AsH3, although high impurity 
concentration is increasing also when the temperature of the decomposition promotion heater 10 rises beyond an 
optimum value. Decomposition promotes too much and it is thought that the amounts of AsH radicals in a growth field 
are insufficient. 

[0045] Then, AsH3 which is V group raw material when the temperature of the decomposition promotion heater 10 is set 
as 1000 degrees C which is this optimum value at the time of growth of an undoping aluminum0.45GaAs layer and an 
undoping aluminum0.45GaAs layer is grown epitaxially The amount used was able to be reduced sharply. AsH3 which 
is V group raw material in it being the same at the time of growth of each epitaxial layer in the case of being a multilayer, 
finding out the optimum value of the temperature of the decomposition promotion heater 10 at the time of growth of the ' 
corresponding layer, setting it as the temperature, and growing an aluminum0.45GaAs layer epitaxially The amount used 
can be reduced sharply. 

[0046] Thus, it is AsH3 of V group material gas at the flow upstream so that the amount of AsH radicals in a growth 
field may serve as max. By giving the optimal energy, the amount of AsH radicals in a growth field can be made into 
max as a result, and impurity carbon and an oxygen density can be reduced, and it is AsH3 by this. It can realize reducing 
impurity carbon concentration and an impurity oxygen density, without making the amount of supply increase. 



http://www4.ipdl .ncipi . go.jp/cgi-bin/tran_web_cgi_ejj e 3/3 /2006 



JP,2000-031060,A [DETAILED DESCRIPTION] 



Page 5 of 6 



[0047] Although the case where it called at a horizontal-type MOVPE furnace was made into the example and the above- 
mentioned operation gestalt explained, a vertical mold MOVPE furnace as shown not only in the furnace of form in 
which the flow of such material gas serves as a substrate side and abbreviation parallel but in drawing 6 can also be used 
for this invention. 

[0048] It sets to drawing 6 and is inlet 2 ** m of V group material gas to the upper part of the reaction container 21 
made from a quartz of a vertical mold. The inlet 3 of group material gas is formed independently, and an exhaust port 4 
is established in the perimeter of the lower part, respectively. In the reaction container 21, the susceptor made from 
carbon covered with SiC which supports the substrate 5 for crystal growth which carries out epitaxial growth is installed. 
Although this susceptor and substrate 5 are shown as a thing of a quiescent state here, it is desirable to support by the 
bearing bar and to rotate by the motor. A substrate 5 is heated with the RF coil which was wound around the perimeter of 
the heater 7 of the lower part of the reaction container 21 which is a heating means, or the reaction container 21 and 
which is not illustrated. In addition, the reaction container 21 has the cooling jacket which is not illustrated, and is cooled 
with cooling water. 

[0049] The inlet 2 and HI of V group material gas In the inlet 3 of group material gas, it is the supply way 8 and III of V 
group material gas, respectively. The supply way 9 of group material gas is connected, among these while being the 
supply way 8 of V group material gas, the energy for decomposition promotion is added to V group material gas, and the 
decomposition promotion heater 10 is formed as a means to promote decomposition of V group material gas in a growth 
field. Although exotherm is used for this decomposition promotion heater 1 0 here, high-frequency-heating equipment 
can also be used for it. Moreover, as a means to add the energy for promotion of decomposition to V group material gas, 
plasma equipment can also be formed instead of such a heater. 

[0050] With the growth equipment of the vertical mold MOVPE furnace shown in drawing 6 The GaAs substrate 5 is put 
on the flat top face of the susceptor which is not illustrating in the reaction container 21 of a vertical mold. The upper 
limit of the reaction container 21 to III AsH3 of the carrier gas (H2) which mixed TMG of a group raw material, and 
TMA, and V group material gas Mixed carrier gas (H2) is made to introduce separately. By making it flow down on the 
GaAs substrate 5 which heated them, the AlGaAs thin film of a high grade is grown up on a substrate side. 
[0051] It sets at the time of this growth, and is AsH3 of V group raw material. Mixed carrier gas (H2) is supplied through 
the decomposition promotion heater 10. AsH3 of this V group raw material Since it is heated at the decomposition 
promotion heater 10 and decomposition is promoted moderately, the AsH radical made by decomposition within the 
introduced AsH radical and the reaction container 21 will exist in abundance in the reaction container 21. Since this AsH 
radical serves to cut compulsorily association between the metal aluminum of the organometallic compound which 
arrives at the front face of the GaAs substrate 5, carbon, or oxygen, the carbon incorporated in an epitaxial layer can 
inhibit sharply, and growth of a high grade epitaxial layer is attained. 
[0052] 

[Effect of the Invention] As explained above, according to this invention, the following outstanding effectiveness is 
acquired. 

[0053] (1) It is III about V group material gas which added the energy by heat or the plasma beforehand in the reaction 
container according to invention according to claim 1 to 8. V group radical 3 activated since it supplies apart from group 
material gas and disassembly of V group raw material in a growth field was promoted, for example, AsH, When 
decomposed, the made AsH radical comes to exist in a growth field at abundance. Since association with the metal of an 
organometallic compound, carbon, or oxygen which reaches a substrate is cut without the AsH radicals which exist in 
abundance running short all over this growth furnace, the carbon and oxygen which are incorporated by the epitaxial 
layer can be inhibited effectively. For this reason, vapor phase epitaxial growth of the III-V group compound 
semiconductor of a high grade can be carried out. And since the AsH radical which the complement activated can be 
obtained to the growth field in a reaction container, without enlarging the mole ratio of V group hydride, the raw material 
effectiveness of V group raw material becomes good. 

[0054] Therefore, according to this invention, in the vapor phase epitaxial growth of an III-V group compound 
semiconductor, the low high grade crystal of high impurity concentration can be grown up economically, without using 
V group raw material in large quantities like the former. 

[0055] (2) Since the high impurity concentration in an epitaxial layer was controlled by adjusting the energy added to V 
group material gas according to invention according to claim 2, the abundance in the growth field of V group radical 
which contributes to growth can be controlled by changing the decomposition effectiveness of V group raw material 
intentionally, and the high impurity concentration in an epitaxial layer can be controlled by it, for example. Moreover, 
when growing up a multilayer epitaxial layer, the high impurity concentration in an epitaxial layer can be controlled by 
changing the energy given to V group material gas by the upstream for each class. 

[0056] (3) Since the compound semiconductor crystal grown up on the substrate for crystal growth was set to AlGaAs 
according to invention according to claim 3, the AlGaAs epitaxial layer of the high grade from which incorporation of 
impurity carbon and impurity oxygen was prevented effectively can be grown up economically. 
[0057] (4) according to invention according to claim 4 - III the organometallic compound to which the methyl group 
was attached in the group raw material - carrying out ~ said V group raw material - AsH3 etc. - since it considered as 
the hydride, the AlGaAs epitaxial layer of the high grade from which incorporation of the above-mentioned impurity 
carbon and impurity oxygen was prevented effectively can be economically grown up by the abundant existences of an 
AsH radical which serve to cut association with the metal of an organometallic compound, and an organic radical. 
[0058] (5) AsH3 which the impurity carbon and the oxygen density which are incorporated by the epitaxial growth phase 
can be made into min, and is V group raw material by this since the energy added to said V group material gas is 
controlled to become max about the amount of V group radicals in a growth field according to invention according to 
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claim 5 The amount used can be reduced sharply. 

[0059] (6) Since the decomposition effectiveness of V group raw material was controlled by changing the growth field 
residence time of a raw material according to invention according to claim 6, apart from the above, control of the 
impurity carbon and the oxygen density which are incorporated by the epitaxial growth phase can be performed. 
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* NOTICES * 

JPO and _NCIPI are n ot, responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the cross-sectional view in which, and having shown it. [ the horizontal-type MOVPE furnace which is 
the vapor phase epitaxial growth system of this invention ][**][ type ] 

[Drawing 2] MOVPE - it is drawing for explaining the impurity carbon in the inside of the AlGaAs layer which grew by 
law, and the mechanism of oxygen mixing. 

[Drawing 31 The impurity carbon under undoping AlGaAs, and V/IU of an oxygen density It is drawing having shown 
the ratio dependency. 

[Drawing 4] The impurity carbon under undoping AlGaAs at the time of heating V group material gas at a 
decomposition promotion heater, and V/in of an oxygen density It is drawing having shown the ratio dependency. 
[Drawing 5] It is drawing having shown the impurity carbon under undoping AlGaAs, and the decomposition promotion 
neater temperature dependency of an oxygen density. 

[Drawing 6] It is the cross-sectional view in which, and having shown it. [ the vertical mold MOVPE furnace which is 
the vapor phase epitaxial growth system of this invention ][**][ type ] 
[Description of Notations] 

1 Reaction Container 

2 Inlet of V Group Material Gas 

3 III Inlet of Group Material Gas 

4 Exhaust Port 

5 GaAs Substrate 

6 Susceptor 

7 Heater 

8 Supply Way of V Group Material Gas 

9 III Supply Way of Group Material Gas 

10 Decomposition Promotion Heater 

1 1 Flow of V Group Material Gas 

12 III Flow of Group Material Gas 

13 Separator 

21 Reaction Container 

[Translation done.] 
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£Uc*+';7#X (H, ) V^Jl 
&©AsH 3 ^Ufc+ty?^ (H, ) ##fg<£ 
itb-* 1 0ZMl>zm&2tlZ. IP*j. V^M^OA 

sh, K-x>-c«#«ffiiifc-£ i otctotti&sft. 
g i wtt. ii-sp*>e^Asn/cA s H7i>t>)vs.^m.m 

m& 1 F*3t?©^(C «fc-or-C*/cAsH-7 i>#<rt/#«S 
{C#SFT.5,CitC&S. COAsH7y*;Wi. Ga A 

s mm <D$mK&?zmm&mi&m<»&mtm®.m 

t ©W©*S£, SJ>'W«#JII{ fc^«5©^S i ESiXWK 

^<t©rao*s^> m«A i - c&va i -o©^* 
^Me*jtc^j©f-r«./c\s&, m j5£vK©*r«&s,'b^«» 

j^S^^^^C*a(c«J±T# . x £ * * + 

;WI©fi£g#TiJtfcfc:itr-5,, 

[0 0 3 3]fi£-?T. HEMTWESFETf©f^ 
Xfflx tf £ * ;l> * ^©figgtcfcl >T <&H&ig*iE 

[0034] H 1 iC^E[I-C^-r<t 5 K. JSfSSS 

irt«:*j^r^?n$via!iifsf^x©sgni i£. n 
i i£J!I*4#x©ij£;ft I2i», Sjftgfg l rt«:*JW SiS 

9. ®cssiii-eGaAsae5©a«5$-ciz^3n 

III i&l&tf* i£G a A sMms&mifCKftbxm 
JTf SCc:CCj:f) t ±IBA sH7i?*^TMA©A 1 
£|J3tXK^£©i!g£fCT* "^Lt, ^©if£££$J 
5^ffl*^ty«Sf * , ffiftftfttft:* GaAsS«5±K 

[0035] MOVPE^{Cj:-?-C^#ftU-1f<Z>A 1 

„., 5 GaAsf 7* Fm*fen,8.mLtc&iicmxmw 

[0036] ^(*l/-fOi'77 FUKttA 1 

...iGaAsI^Sl^titHS. MOVPE&tCi-S 
A 1 Ga A sJI©J&gT«. A 1 MJS.&lS< 
^©^fi^^R^K^igS«itflnL/rL*(,^ ±12* 
7-? K«©«fc5tCA litUi£©iSl»A 1 ,.„Ga A sJftK 

Aoma. w«^aoTWR©««©*«:, v/m 

[0 0 3 7 ] B3«:. JbfBflBEMOVPE£f&JBt>. fiS 
ASS (IMBUE) 7 0 OK-CfiKfiLrcT > F-7'A 1 
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*>mmfrm (s ims»«) &ic<t:->xwj2.Ltc<b<D 
[00 38] ^mwiy-v<oi> =7 v Ym^mmmmM 
^*.*>ct*mz>tix\,>z. XAR&^mu-ftff 

SxiO^oif 1 . 7 x l O^cirr'fcrFK-r&Citfii^ 

10 €>, Ft (A l,.„GaAsI) ^SI^OV/II 

I fcbfctl 0 OJSLWcT-Si&^&ofc,, 
[0039 ] ^C"C. *^-c«. ±*ELfcJ:5tC. M 
O V P E §gg©)£g«f ifttflfElMK: A s H, ZmZiCftM 

■3-z>tcti><Dftmi8mK--z i o *mt&. 

[0 04 0] 04K, )£*Sg (««SS) 7 0 OS 
•C. #8?l£iit:-£ 1 0*80 ornvzLxmrnLtcT^ 
F-^A l.^GaAsIW^iSMO®^ 
igg©V/HI J:t«ci?tt*^-r. att#8?{E3ifc-* 1 
0*OFFfcLfc<t*©^«S, btt^Blfiiitb-* 
20 lO^OFFKUci i*©,SfciPt?g@L c (J^-Sffiil t - 
£ 1 0€rONtCL,fctt©^?gS. d«*WS?(Si!b- 

saos-omcL/ci #©^as*^-r. 

[0 04 1 ] C©^4©y57(C^-Tite^6. #8?<E 
jit:-*©ra»fr*Bt/ (t-$OFF) ©*^ (Alga, 
b) (ctb^T. 9>Wffiilt-^*{^l& (fc-^ON) ^ 
(fltgc. d)©^*i, IbFDV/iii tt-C©^F 

i^s^K^fS^-en-ens x 1 o ie cm-\ 7x10 

30 "cni-'J^TtcrS/cfeOV/lII Jt«6 0-C*0. ftM 
<Sit-^OFF©^ (AM a. bjCCtb^TAsH 

[0 04 2 ] i4©{'77«, MOVPEStCj: 

-Sill - Vi(t^»Sfflxt^ + ->t;«gK 

^ l . v mim<Dmtxof8,&mm.i: v ±mmxx- * * *- 
^bs-y-ec-t-c, fiKscc^-rsv«i7^/7^©^s 

[004 3] ^fC. fiSSaS 700S. V 

/III Jt6 0-Cxf5f*^-e^gL/cr> F-^A 1 
».i>GaA s B#<0^ffiM&mm&Rzmm&&(DftM 

•T. 05©fff*te#«<Eiit-* l 0©SS CO . * 
fcSffif*»C©7>K-^A l,.„GaAsItp©W6«) 
^j^SRC^^K^tgS (cm") -C**. S*,^ 
«=f *6^jKSfjge©ffi^T* 0 . 
©fliS-C**. Mft«i«>. TfflOtCcl©fi^i^o-C*J 
50 0. -e©M^©ft«©#SB©ST^BPH;fiS (i^Jl o 
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[0044] C©E95 ©fflM*P h . ^Fiffifel^RD^^ 

fga*a/h«c-r -s <t 5 ft#s?ffljifc- *as©tiffl. 
-s* o ffijg©#gs©&T* (c ©*§£•>& i o o os) *i 

*5CiW5. C©#J??ffiiib-* 1 0©jggO« 

(DA s H^#;vS#^(tfc^rc>£fc©£JBfc>*-i 

£. #ft?ffi«t-£ 1 0©SS*5cO®Sffi*^^ 
r . SSffiJUT^SS £ ft o fcit^c {jtT^iiKtfif 

ti. A s H a ©^P*sflSlL-rg"r. E&Sfgi$T'©A s 

[0045]^CT. 7>F-7'Al,.„GaAsiO 
M^(Cfcl>t, #BSffiiIfc-£ 1 0©SK£. C©« 

M-ca-s i o oo'Cfcfaseur. tvk-^ai,.,, 
-cs>*a s h, <D&mmz*mi l cfm?zc t^-c? 

fc. £BT&S^©&xfc-£*SxwWi©Ji£6RBc*j 
^-rfel^«-C*0, i£^SJl©JifcgB$©#SS{Ijifc- 

* i ocoiagcDgsifii^m^/iiu. -^©is&fcggSL, 

"CA lo. 45 GaAsJg£xb'*=$ ; ^-Wl<J&g'r-2>C£ 

•c. vmmm-c&zAsH, (Dmamttmtc&m-rz 

[0046] C©J: 5 SC. J&B6g*£?©A s H7^* 

&m*8re<DA s h 5y*;H*t^(c u *i«msiS£R 
[0047] issms&mvu. mmuo vpEmcz 

IT. S6fC7nrJ:^ft*S^MOVPE^fflOSC<t^ 
[0048] l36{C*j^r. *KM©53^SSfc^fS2 1 
AP3#sjfc£fci£WP>*i > TSPJSHK:gMetP4#i-ett-e 

Ms&zfe&mmmm&sttm-tzs i c-c*$s<*n 

fc#-#>ll©lM2:/**SKHi**l.S. COtHz^S 

3^^-C3£}fOr*-f{i:J:i3@lto-r^©*i»SL 
C>. tt«5«. J^3M2-C&SSOS§lt2 l©TSP©t 
-*7X«KJfc§3i2 l©^H«:«@O) l t07nO'C)5:^ 
RF^-f^KiOflD&Sft*. SI&SS2 ltt. 
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[004 9 ] VRIM4#*<D*AP2 till i&im*'* 

©igAP 3 «ni^n-e-nvguif4**^©tt*&sS8 illl 
^^^©fitj&ssg^iK^nrte*). c©5*>. v 
]^*4#*©«*&88 8 ©&*«:«. vsysf*:*f;uc#8? 

ftrt,»&, c©#jS?GSiifc-£ i oji. cc-c«MIS 

io *. S/cViS^i|4^xtc^{Siiffl©x^^^-*ftix 
5#I£<tLT« t C©«fc5ftfc-2©ttt>»Hc:7*5X-y 

[005 0] S6(c^-«$^!MOVPE^©fi£SflS-C 
«. fS^©SIc;?fS2 lF^©^l/r^ctr»1f-fe^'5'© 5 P 
Sft _LBiC GaAsSi5 Slc^fS 2 1 ©±Jg 

A^III MOTMG, TMA4ig&t,fc*t';7# 

* <h, ) va?vmm.m3*<DA s h, ga^tsfc** 

UTtfx (H, ) £S9*K:i§A;*ti\ fn6Ml/fc 
GaAs««5±tCi&T£t»-£C<h«:<i:D. «fiE±K 
20 1^*BS©A 1 G a A s jgJU^I&gS-tf*. 

[005 1 ] C©J&gB#(C*Jl>-C. V^J1*4©A s H, 
*M^Ltc*+<)TrtZ (H, ) *s^S?ffiiit-^l 0 
=&jlUr^*&5^4. C<DVmmU(DA s H, tt#M& 

jit-* i oicjomm^ti^-mmmicisM^tix^ 

^^515^2 iF«g-c©^{cj:-,rr#fcA s H^i? 

G a A s SS5 ©^ffitCM-T SWIS^^Ifc^©^ 
MA 1 ij^«X«K*i©ra©IS^*^*IJ&fJ{c^»r-r^ 

«*5^i]iicc?Pit-C# . BBtt&ft x f 3f + ^ * ^Jl©SgS 

[0 05 2] 

[^©^] «±l»B§U/c«fc ; 5K^||Hg{Cj:n«. 
© J: 5 ftSWcja**i#6 . 
[0 05 3] ( 1 ) if^i~8K:g2iS©SI?gK:j:n 

*"-*»nAA:VSlM*4^?:. Ill KMH^^ttMK 
RSS^-C©V)^M^©^^[Ejl3-li-r^.5 
40 OT, ffiSfturcV^7i?*;w. A s H 3 

3tlSi#K:-C^A s H^^^/l'^SfS^cSStc 
i?a-ri«fc5K:J5:5 0 C©/SS;F#KggK:?¥ftT*A 

sH7y*W. ^Fs-r-sc<b*<. «^tcf!i^-rsw 
ts^jsft^igj©^)ii t mmxim&t ©jg^ws© 

smtcnsttzct-tfi-ctz. c<Dtctb. is«fi©iii 

- V^t^«J*^ft?:^tBi f * * V * AfiSftT c i 
ci4<, ^^M©r§ft{bLfcAsH7i?*;u*J5lt. 

50 ^SF«9©fiSS^SC^4CiAi-C#5©-C. VKJSI4© 
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[0 054] <fcoT. *&WlcJ;Hii. m -Vg|{b-£ 

[0055] ( 2 ) IW33I2 tcettOftWC Jtfltf. V 
itMi't ;PJB* ©W!B)fSffi**iJ®T £ <fc 0 K 0 tc 

[0056] ( 3 > »3js93 iam<Dmttc J:n«. is 

^Sffl»K±fCfiSS$i±S{b^*^iK^A 1 G 
^^tcPlitSn/tii^aOA 1 G a A s if^i/ 20 
[005 7] ( 4 > 8«s@4 ccEttCDWHK Jrtitt. n 

i «^*>*;i^#^fcw«£«ffc£*»4 u stria 
{k^cD^a i wigs £ ©«^*«js ail # * -r * as a 
®mm®m*)&&&m%)< l cm±$titciK¥&Bi(DA iGa 

[005 8] ( 5 ) 89*^5 tClBtt©«WtCj:tl«. fa 30 
^y*;l*£^fc&S.£9<cfWffll-rs©r, xe£ 
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[0 059] ( 6 ) 81 6 (Ciet8©^«c «fcn«. JK 

ftmihmZMWtZX'yicLtcW. JJE4«S9»c. x 

«BK©(W9P*fT 5 C 4 #T ft 5 . 
[BBfOflTV&KQI!] 

[HI ] *»BO«ffixifi'*^-»'A'JfS6Kerc**» 

mm o v p e b o -ctf c tcffimm®v$> *>. 

[02] MOVPEftTMlfcA 1 Ga A sl't'T© 
0-C&S,, 

[0 3] T>F-^A 1 G a A s 4><07*6«MISRKVtt 
a8MM>V/in Jttf^fcSSLfcHr**. 

[04] ^JKfiUKb — 3t«c «fc 0 VScflm«f^.«ttMRUAi 
B©T> K-7'A 1 G a A s 4>®33K4M^R&K9IHI 
g©V/III tMS3Wt*mLfclSrc*a. 

[05 ] T > F-^A 1 G a A s *®:flK#)R*;RCFlt 

[06] *2S»©£tfflxtf**W^ja£&Kr&S*ffi 
MMOV P E^ttttftUTStL fc«|»iffi0-CS)4. 
[*?#©i&|H] 

1 SJ£gS 

2 ViJlJSW^XO^AP 

3 in m^«>9An 

4 gran 

5 G a A s SIS 

6 tMz:/£ 

7 fc-* 

8 V&M*4#X©«*SSS 

9 III gUK&XteCDfl&fg 

10 #8?flEiit:-* 

1 1 v»m^©ss#i 

1 2 III ftmtttf XOSfcti 
13 -b^U-af 

2 1 KJ£&g 
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